Objective: To estimate the lifetime cost utility of two antiretroviral regimens (once-daily atazanavir plus ritonavir [ATV+r] versus twice-daily lopinavir/ritonavir [LPV/r]) in Italian human immunodeficiency virus (HIV)-infected patients naïve to treatment.
Introduction
The generalizability of cost-effectiveness data gleaned from multinational studies is being increasingly called into question. Unless contextualised in the country of reference [1] [2] [3] , such data will fail to capture salient differences in clinical practice, population characteristics, health care costs, treatment preferences, and cost-opportunity of resources [4] . This is of relevance for institutional decision makers, who are more likely to be interested in the prompt availability of context-specific data than heterogeneous data reported in an international study [5] .
Another critical issue is the need to understand the impact of the effectiveness of treatments and choices in clinical practice as may be obtained from real-life data rather than from a randomized clinical trial (RCT), particularly as regards chronic diseases. For example, highly active antiretroviral therapy (HAART) in Italy is currently reimbursed by the National Health Service (NHS), without any threshold of utilisation (as for new drugs). However, human immunodeficiency virus (HIV) infection, once a fatal condition and now considered a chronic disease, has driven up overall NHS expenditures, with the result that the Italian NHS, like other health systems, is facing a general scarcity of resources. The decisions taken by the London Consortium in the U.K. are another example of this problem [6] .
The introduction of a new therapeutic intervention implies not only an evaluation of its effectiveness, but also its long-term economic impact on the overall health budget and expenditures, without which the feasibility of the decision to introduce it will remain elusive.
Numerous predictive models have been proposed to elucidate the dynamics and the possible long-term consequences of HIV infection in terms of costs and effectiveness. Previous studies have evaluated this problem using a cost-utility approach from the patients' perspective and by studying their preferences in various life conditions. Furthermore, Simpson et al. [7] [8] [9] [10] laid the basis for the development of a Markov model in HIV infection. This predictive model was used to analyze the results of the CASTLE study (an open-label international non-inferiority randomised study of the use of LPV/r vs. ATV+r in antiretroviral-naïve HIV-1-infected patients) [11] , in terms of quality-adjusted life years (QALY) related to the patients' health states and the associated costs. A later study [12] applied the Markov microsimulation model (based on the individual patient level) to HIVinfected patients in accordance with the most recent international guidelines on drug treatment and patients evaluation (e.g., using 8 instead of 12 health states), rate of opportunistic infections (OIs), AIDS diagnosis, coronary heart disease (CHD) events, and incidence of hyperbilirubinemia and diarrhoea.
In the present study, we added to the model long-term renal toxicity, i.e., chronic kidney disease (CKD), an important event associated with both HIV infection and HAART. To date, this variable has never been taken into account in the evaluation, although the EuroSIDA study had considered it in terms of incidence and associated factors [13] .
Here, the model was used to estimate the real lifetime cost utility of two ARV treatment regimens (once-daily atazanavir + ritonavir 
Methods
The Markov microsimulation model devised by Broder et al. [12] was further refined to create a new model (Fig. 1 ) from the NHS payer's perspective that included direct costs and health outcomes of Italian HIV-infected patients receiving ATV+r or LPV/r.
Population Sample
Patients attending the Infectious Disease Department 1, L. Sacco Hospital, Milan, were considered eligible to enter the study if diagnosed HIV-positive, were receiving first-line treatment with LPV/r or ATV+r, and had been followed up for 2 consecutive years after treatment initiation. Other inclusion criteria were: age .18 years old, HIV-1 RNA $5000 copies/mL, resident of Lombardy, and retrospectively identified from the Department clinical database of patients starting first-line treatment.
A consent form allowing the use of personal medical data was signed by the patients on their first visit to the Department to ensure anonymous data processing analysis. Base-case estimates are shown in Table 1 .
Enrolment followed one of two scenarios: initiation of LPV/r or ATV+r (ATV+r 1), after which the patients remained on first-line treatment or switched to second-line treatment; the two lines were modelled at the individual patient level, in accordance with the analysis of the cohort study data. 
Model Characteristics
The patients on first-line therapy were categorized in eight health states according to CD4 cell count and viral load (HIV RNA copies/mL) (Table 2), as previously described [7, 8, 11, 12] . Patients with two consecutive detectable viral loads, or a primary treatment-related adverse event (diarrhoea or hyperbilirubinemia), or requiring a switch of drug regimen were assigned second-line treatment. The patients on second-line therapy had treatment options that excluded first-line options. Second-line treatment include all the treatment lines after the first line, and consider all the events and the HIV pathology evolution up to a patient's death.
Transition probabilities for first-line health states (Table 2) were estimated from a sample of ARV-naïve patients starting HAART with LPV/r or ATV+r [14] . Second-line transition probabilities were estimated from the same database, but considering all second-line patients except those on LPV/r or ATV+r.
The patients' progression through the health states was evaluated within a time frame of 6 months, in accordance with Italian clinical guidelines [15] . Health and monetary outcomes, associated with the long-term use of ATV+r and LPV/r regimens, were estimated for the eight health states, the incidence of diarrhoea and hyperbilirubinemia, AIDS events, opportunistic infections (OIs), coronary heart disease (CHD), and chronic kidney disease (CKD). The total cost per patient was calculated considering drug costs and patient's clinical conditions (HS), as well as institutional guidelines, protocols and the reimbursement rates applied by the Region of Lombardy. Cost data and QALYs were discounted at an annual rate of 3% [16] .
Based on the probabilities analysed in the reprocessing of the database, the microsimulation model was populated with a cohort of 500,000 subjects in each arm. In order to determine whether there was a significant deviation between real-life data and RCT results, a second control arm (ATV+r 2) was introduced, whereby the differential effectiveness results reported in the CASTLE study were applied to the transition probabilities of ATV+r 2. The aim of these scenarios, i.e., the real-life situation and the scenario adjusted considering the results of the CASTLE study, was to forecast the lifetime development of the population.
The economic model was built and analysed using TreeAge Pro Suite 2010 (TreeAge Software Inc., Williamstown, MA).
Event Rates
The model included different types of events: AIDS, CHD, OIs, diarrhoea, hyperbilirubinemia, and CKD. The AIDS event rate was related to the health state of each patient, according to CD4 cell count and viral load, whereas CHD incidence was calculated as the pooled risk of low, medium and severe events (angina, ischemic diseases, heart failure, acute myocardial infarction and stroke). The CHD risk was related to diabetes, prior CHD events and to total cholesterol (TC)/high-density lipoprotein (HDL) ratio, wherein a unit decrement in the ratio predicted a 14% reduction in CHD risk [17] .
As described by Broder [12] , Simpson [8] , and the CASTLE study [18] , the cardiovascular risk was adjusted to take into account that few CHD events are fatal [19] .
Since the timelines of the model output were 2, 5, 10, 20 years, and lifetime, it was not possible to use the Framingham algorithm due to the gap in time. Therefore, the same assumptions as Broder et al. 2011 had made [12] were adopted. In our model ( Fig. 1 ), CHD and AIDS events could lead to death.
Within the sample, the OI rate included tuberculosis, oesophageal candidiasis and gastric candidiasis, and the rate of adverse events was calculated from their occurrence (any grade gastrointestinal adverse event and hyperbilirubinemia) in the sample during the follow-up period.
The incidence of CKD was based on the EuroSIDA study [13] , which categorised kidney disease into five levels, from low (glomerular filtration rate [GFR] 89-60 ml/min) to severe (GFR ,15 ml/min). Rates were calculated in CKD severity strata, using clinical guidelines [20] , and their distribution in the HIV-infected population. CKD rates increased steadily every 6 months in the patients receiving first-line therapy, whereas the CKD rate for the second-line patients remained unchanged at the level observed in the last 6 months when they were on first line. OIs and CKD were not considered to affect mortality or treatment effectiveness.
Costs
The economic resource categories were: antiretroviral (ARV) drugs; outpatient and specialist services; other medicines purchased locally; and hospital admissions. Unlike those for AIDS, CHD, OIs, AEs and CKD, the ARV costs were calculated separately for each treatment arm. Hospital admissions were associated with HIV infection but not attributable to AIDS, CHD, OIs, drug-related adverse events or CKD. The cost of ARV drugs was derived from the Official Lombardy Region Bulletin [21] .
The cost for each of the eight health states was estimated from the actual resource consumption recorded in the Lombardy Region databank (Lombardy Region Integrated Patient Database). The data represent the actual consumption of NHS resources in a real-life situation. They were reprocessed considering the reference cohort.
The cost of an AIDS event was calculated on the basis of Diagnosis Related Group (DRG) reimbursement, paid by the Lombardy Region, and did not take into account the patient's health state.
The cost of a CHD event was calculated on the basis of event severity and weighted with the respective incidence in the population and derived from an average of the DRG if Table 2 . hospitalisation, diagnostic procedures, specialist visits, and treatments were consumed. The cost calculated for OIs depended on the event: for tuberculosis it was DRG reimbursement, drug treatment and diagnostic tests, whereas for oral candidiasis it was specialist visit, diagnostic tests and drug therapy. The pooled results were calculated according to the respective incidence rates. Diarrhoea and hyperbilirubinemia costs were derived from the costs for diagnostic tests and treatment, as indicated by clinical guidelines. Just as for CHD, the CKD cost was similarly calculated according to severity and weighted with respective incidence rates [13, 20] . Besides hospital admissions, diagnostics, specialist visits, and chronic drug treatments, the cost estimate included the likelihood of a more invasive and expensive therapy such as dialysis. Table 3 reports the costs of treatment and adverse events per health state. For all events, the same cost was considered for each health state, whereas the treatment costs differed between treatment arms and health states.
The second-line treatment costs were calculated using the same method. All other treatment options recommended by the Italian guidelines were compared with the rate of use observed in the reference cohort.
Health-Related Quality of Life
The model utilities (Table 4) were not related to treatment regimens, but instead to the health state specific for progression of disease. Since QALY data for the Italian HIV-positive population are not currently available in the literature, published data on the U.S. HIV-infected population were used [7] , categorizing the patients in eight health states, as suggested by Broder et al. [12] .
In our model, CHD events led to a 40% decrease in the quality of life (QoL), as reported in Castiel et al. [22] , whereas in the microsimulation model, the QoL worsened progressively from health state 1 to 8; in the second-line treatment the same QALY of health states 7 and 8 was assigned to each health state.
Diarrhoea and hyperbilirubinemia utility values associated with events were selected by analysing the literature [23] [24] [25] and by applying the Delphi technique [26] [27] . This involved ten Table 4 . QALY variables related to HS, and events entered in the microsimulation model.
HS QALY applied to HS
without CHD [9, 12 ] QALY applied to HS with CHD [9, 12] QALY AIDS [28] QALY OI [29] QALY Hyperbilirubinemia [23] QALY Diarrhoea [23] QALY CKD [13, 30] Table 3 . Costs of treatments and adverse events in euro for each Health State.
infectious disease specialists working in the Lombardy Regional Healthcare Service. A questionnaire, starting with open questions and ending with closed questions, was successively administered to the experts to determine, starting from the utility values reported in the literature, which value should be associated to each event.
The same methodology was used to determine the utilities due to AIDS events [28] , OIs [29] , and CKD [30] .
Mortality
The mortality rate of the HIV-infected population was derived from the mortality rate reported for the general Italian population [31] , stratified by age and gender, and adjusted for major risk associated with HIV seropositivity, using the mortality rate ratio (MRR) reported for the European HIV-infected population [32] .
Sensitivity Analysis
A probabilistic sensitivity analysis was performed for both scenarios (LPV/r vs. ATV+r 1 and LPV/r vs. ATV+r 2) by varying the probability values of a CHD event being fatal; CKD, OIs, diarrhoea and hyperbilirubinemia rates; effect of treatments on TC:HDL ratio (ranges to cover up to 10-fold change from base case, as reported in Broder et al., 2011 [12] ); utility values associated with health state, CHD events, diarrhoea, hyperbilirubinemia, CKD, AIDS events, and OIs; cost values of health state, CHD events, CKD, OIs; and the transition probabilities for ATV+r 2 (Table 5) .
A total of 200 microsimulations were generated for each analysis, each populated with 5,000 individuals.
Results
In this section the results of the two analyses are presented separately, both LPV/r vs. ATV+r 1, based on real life data, and LPV/r vs. ATV+r 2, where the efficacy of ATV+r 2 arm is calculated as a differential value, as reported in the CASTLE study.
LPV/r vs. ATV+r 1 QALY values were calculated by reprocessing the data obtained from several sources, as described in the Methods section. Whilst AIDS and OI QALY did not vary across health states, QALY values steadily decreased across the health states for CHD, AEs, and CKD (Table 4) . When these results were included in the model, the scenarios showed an average survival, in years, of 24.061 for the LPV/r arm and 24.081 for ATV+r 1 ( Table 6 ).
The mean QALYs were higher in the LPV/r arm than in the ATV+r 1 (13.322 vs. 13.060), with a gain of 0.262.
The results showed a similar incidence of cardiovascular events in the LPV/r and ATV+1 arms (6.6 cases per 1,000 patient years vs. 6.5 per 1,000 patient years). The incidence of CKD was lower in the LPV/r arm than in the ATV+r 1 arm (27.1 cases vs. 110.9 per 1,000 patient years).
There was a higher incidence of drug-related adverse events among the patients receiving LPV/r than among those in the ATV+r 1 arm (17.7 vs. around 14.1 per 1,000 patient years).
Although the use of LPV/r showed an advantage in terms of costs, the economic weight of kidney-related events had a significant impact on the final results, leading to an advantage for the use of LPV/r, with a lower rate of CKD events among the patients receiving LPV/r than among those in the ATV+r 1 arm. However, a higher rate of CHD events was observed in the patients receiving LPV/r than in those in the ATV+r 1 arm.
The annual cost analysis showed nearly complete overlapping of the economic performance of the two treatments: the LPV/r arm had a per capita annual advantage of J148 in comparison with the ATV+r 1 arm. In addition, the cost-utility values (J15,310.56 for LPV/r; J15,902.99 for ATV+r 1) confirmed an advantage in the use of the LPV/r regimen. Figure 2 reports the results of the probabilistic sensitivity analysis for LPV/r vs. ATV+r 1. Considering a J25,000 willingness to pay threshold [33] , the LPV/r regimen had a lower cost and higher effectiveness, being the dominant alternative, in 92.0% of the simulations, higher effectiveness and cost with an incremental cost-effectiveness ratio (ICER) ,25,000 in 5.5% of the simulations, and lower effectiveness and cost with an ICER .25,000 in 2.5% of the simulations, being cost effective at a J25,000 per QALY willingness to pay in 97.5% of the simulations.
LPV/r vs. ATV+r 2
The average survival of patients receiving ATV+r 2 was 24.084 years (Table 6 ), almost identical to that noted for the LPV/ r arm. The mean QALYs were slightly higher in LPV/r arm than in the ATV+r 2 arm, with a 0.061 gain (13.322 vs. 13.261).
A marginally higher incidence of cardiovascular events was associated with LPV/r in comparison with ATV+r 2 (6.6 vs. 6.4 cases per 1,000 patient years), with a lower incidence of CKD (27.1 vs. 135.3 cases per 1,000 patient years), and a higher incidence of drug-related adverse events (17.7 vs. 16.9 per 1,000 patient years).
The ATV+r 2 arm was more cost advantageous in the shorter time period, i.e., projections of up to 20 years, while LPV/r showed an advantage in the lifetime analysis. The annual cost showed a slight advantage for LPV/r, with a cost-utility value of J15,310.56 for LPV/r and J15,524.85 for ATV+r 2, respectively. Figure 3 reports the results of the sensitivity analysis of LPV/r vs. ATV+r 2. LPV/r had lower costs and higher effectiveness, being the dominant alternative, in 61.0% of the simulations, higher effectiveness and costs with an ICER ,J25,000 in 15.0% of the simulations, lower effectiveness and cost with an ICER ,J25,000 in 5.0% of the simulations, and lower effectiveness and higher cost with an ICER .J25,000 in 19.0% of the simulations, being cost effective at J25,000 per QALY willingness to pay in 81.0% of the simulations.
Discussion
In both analyses (LPV/r vs. ATV+r 1 and LPV/r vs. ATV+r 2), LPV/r is dominant compared to ATV+r, resulting in a lower lifetime cost and in a higher utility value.
This Markov model was based on regional and national data. Its potential is a closer alignment of the results to specific regional or country-based protocols and costs, with greater usability from a payer's perspective for decision-making processes. The clinical results are consistent with previous data on ATV and LPV [10] [11] [12] . In addition, the new information gained by including CKD in the computations builds on current cost-utility analyses in this field.
Since the objective of this analysis was to provide Italian policy makers with information cogent to occurring events of the surveyed area, the cost data are based on a specific national analysis rather than on international assessments that do not take into account the clinical practice protocols currently in use. As such, it gives a fairly accurate picture of what is now happening in Lombardy (Italy's most populous region, with more than 15% of the total population) [34] . Although the sample is restricted to Lombardy, the guidelines for the management of HIV-infected patients are national. Furthermore, the Italian NHS is based on a regional reimbursement system, with no significant differences among the country's regions; therefore, the sensitivity analysis could cover these differences, providing useful information to policy makers in any region.
Using a patient-based methodology it is possible to follow the diagnostic and care pathway of patients and understand their actual consumption of resources. This makes the results of the cost analysis even more relevant, moreover, unlike a theoretical value, cost data were affected by the compliance of patients.
The main limitation of the study is the low number of patients enrolled in the ATV+r arm, primarily because ATV+r became available after LPV/r. This limitation was overcome by using a second ATV+r arm that took into account (as in Broder et al. [12] ) a lesser probability of transitioning to a state with a greater viral load than the LPV/r arm, therefore more consistent with the CASTLE trial results and providing the possibility to verify the robustness of the results. A second limitation of the study was that some assumptions cannot be based on Italian data. For example, there is a lack of information about QALYs in the Italian HIVinfected population.
The MRRs were calculated by adjusting the mortality data for the general Italian population for major risks linked to HIV infection, and derived from a European HIV-infected population, as reported by Obel et al. [32] . Their study was selected because the distribution of risk factors was similar to our study sample for gender, risk factors for HIV acquisition, and hepatitis C virus coinfection. The MRRs were not the actual MRRs of the Italian HIV-infected positive population, however.
The model was innovative in that it included CKD events, a variable not considered in previous studies for a cost-utility analysis. Such events, due to their high probability to occur, can significantly influence the results, when compared with similar published studies on the economic impact of the two treatment regimens. The results of the study presented, however, are consistent with data from the EuroSIDA study [13] . Moreover, unlike previously published models, where second-line treatment was simulated at the cohort level by employing a deterministic methodology, our model extends the simulation at individual patient level to second-line treatment, thus enhancing the realism of the analysis.
CKD events had an impact on costs and on QALYs but not on mortality rate. As CKD is a chronic degenerative condition, it incurs more costs and diminishes the patient's quality of life.
There is a growing body of literature on CKD and HAART in HIV infection. A 2012 study [6] reviewed the literature on the incidence of CKD, in particular in patients receiving ATV. In order to analyse what impact this would have on the model, specific Italian-based studies will need to be implemented to single out the side effects of tenofovir and ATV.
In our sample, the distribution rate of AIDS, which reflects the frequency of event occurrence, was in line with the principal literature.
Despite the substantial overlap of the results for the different populations studied and the assessment methods used, albeit more conservative and closer to real life, the combination of cost data with utilities data shows a dominance of LPV treatment compared with ATV. Hence, LPV treatment being less expensive and more effective, it was not necessary to calculate the ICER.
The results of the present study underline the importance of collecting real-life data, which may differ from those reported in a RCT, in order to support decision makers in the Italian NHS and other health services as they contend with dwindling resources.
Also, the study results demonstrate the importance of ensuring the clinical quality of inputs into a model where the use of theoretical assumptions, not tested in clinical practice, might produce unreliable data for clinicians.
Undoubtedly, RCTs furnish an important and irreplaceable source of information on treatment efficacy; nonetheless, observational studies based on regional or national real-life clinical and economic data, are also essential to evaluate the real impact of treatments (as underlined by agencies worldwide [35] ) and to take decisions at the regulatory level.
